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R factor = 0.069; wR factor = 0.190; data-to-parameter ratio = 22.1 . 

In title salt, C3 8 H 34 P2 2+ -2I04~, the P atoms of the dication and 
the I atoms of the periodate anions are each in a slightly 
distorted tetrahedral environment. In the dication, the two - 
P(C 6 H 5 ) 3 groups adopt a gauche conformation with respect to 
each other. In the crystal, several C— H- ■ O hydrogen bonds 
between the cations and anions lead to a two-dimensional 
arrangement along (101). 

Related literature 

For the synthesis and structures of related compounds, see: 
Barkell et al. (2008); Rizzoli et al. (2010). 




Monoclinic, Fl^jn 
a = 9.2077 (18) A 
b = 18.387 (4) A 
c = 21.992 (4) A 
P = 94.37 (3)° 
V = 3712.5 (13) A 3 

Data collection 

Stoe IPDS II diffractometer 
Absorption correction: numerical 
[shape of crystal determined 
optically {X-RED and 
X-SHAPE; Stoe & Cie, 2005)] 
r mi „ = 0.649, r m „ = 0.692 

Refinement 

R[F 2 > 2a(F 2 )] = 0.069 

wR(F 2 ) = 0.190 

S = 1.17 

9970 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
ii = 1.83 mm -1 
T = 298 K 
0.5 x 0.2 x 0.2 mm 



26606 measured reflections 
9970 independent reflections 
7229 reflections with / > 2o(I) 
R,„, = 0.077 



451 parameters 

H-atom parameters constrained 
A/w = 1.18 e A~ 3 
Ap mi „ = -1.69 e A~ 3 



D-H- -a 


D-H 


H-A 


D- ■ A 


D-H-A 


C30-H30- ■ 05' 


0.93 


2.43 


3.351 (10) 


172 


C20-H20B- ■ 08" 


0.97 


2.38 


3.338 (11) 


170 


C19-H19B- ■ 04 


0.97 


2.44 


3.397 (8) 


171 


C19— H19A- • .07 


0.97 


2.30 


3.135 (8) 


144 


Symmetry codes: (i) x — \, 


—y + \,z + 


|; (li) -x + \,y 


+ |, -Z + \. 





Experimental 

Crystal data 
C3sH 34 P2 2+ -2I0 4 



Data collection: X-AREA (Stoe & Cie, 2005); cell refinement: X- 
AREA); data reduction: X-AREA; program(s) used to solve struc- 
ture: SHELXS97 (Sheldrick, 2008); program(s) used to refine struc- 
ture: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 
for Windows (Farrugia, 1997); software used to prepare material for 
publication: WinGX (Farrugia, 1999). 

Support of this investigation by Ferdowsi University of 
Mashhad and Sabzevar Tarbiat Moallem University Councils 
is gratefully acknowledged. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SJ5109). 
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Triphenyl[2-(triphenylphosphaniumyl)ethyl]phosphanium bis(periodate) 

M. Gholizadeh, F. Mohammadi Zonoz, M. Pourayoubi, M. Ebrahimpour and M. Salehabadi 

Comment 

In previous work, the syntheses and X-ray structures of some phosphonium salts, such as 
tC 6 H 5 -C 6 H4C(0)CH2P(C 6 H 5 )3] + [CF 3 S03]" (Rizzoli et ai, 2010) and [(C 6 H 5 ) 3 PCH2C 6 H2(OCH3)3] + CrH 2 0 (Barkell 

et ah, 2008) have been investigated. We report here the synthesis and crystal structure of a new phosphonium salt, 

2+ 

[P(C6H5)3CH2CH2P(C6H5)3] , 2[IC>4]~ (Fig. 1). In the cation of the title salt, the phosphorus atoms are found in a slightly 
distorted tetrahedral environment; the bond angles around the P atoms are in the range of 106.6 (3)° to 1 12.0 (3)° for PI and 
107.9 (3)° to 1 10.4 (3)° for P2. The two P(C 6 H 5 ) 3 groups are gauche to each other, the torsion angle PI— C19— C20— P2 is 
136.1 (3)°. The I atoms of the two symmetrically independent periodate anions (labeled with II and 12) also display slightly 
distorted tetrahedral environments; for example, the bond angles around II are in the range of 108.0 (3)° to 111.2 (4)°. 
Several C — H—O hydrogen bonds (C - 0 distances are in the range of 3. 135 (8) A to 3.397 (8) A) between the cations and 
anions lead to a two-dimensional arrangement along the (101) plane. 

Experimental 

Preparation of bis (triphenylphosphonium) 1,2-ethane bromide: 1,2-Dibromoethane (15 mmol) was added to triphenylphos- 
phine (30 mmol) and refluxed. After 5 h, the precipitate was fdtered and washed with diethyl ether and dried. 

Preparation of title salt: To a solution of bis (triphenylphosphonium) 1,2-ethane bromide (10 mmol) in H2O (25 ml), a 
solution of NaI04 (20 mmol) in H2O (25 ml) was added and stirred. After 24 h, the precipitate was fdtered and washed with 
H2O and crystallized from CH3CN at room temperature. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions, C — H = 0.93 A (aromatic) and 0.97 A (CH2), and were included 
in the refinement using a riding model approximation, with U; so = 1.2U eq (C). 



Figures 




Fig. 1 . Molecular structure and atom labeling scheme for title salt with displacement ellips- 
oids drawn at the 50% probability level. 
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Triphenyl[2-(triphenylphosphaniumyl)ethyl]phosphanium bis(periodate) 



Crystal data 

C 3 8H 34 P2 2+ -2IO,f 
M r = 934.39 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 9.2077 (18) A 
6 = 18.387 (4) A 
c = 21.992 (4) A 
(3 = 94.37 (3)° 

F= 3712.5 (13) A 3 
Z=4 



F(000) = 1848 

D x = 1.672 MgnT 3 
Mo i&x radiation, X, = 0.71073 A 
Cell parameters from 9970 reflections 
9 = 2.2-29.3° 

H = 1.83 mm -1 
T=298K 
Plate, colorless 
0.5 x 0.2 x 0.2 mm 



Data collection 



Stoe IPDS II 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 0.15 pixels mm" 1 
rotation method scans 
Absorption correction: numerical 

[shape of crystal determined optically (X-RED andX- k = -24— >25 
SHAPE; Stoe & Cie, 2005)] 



9970 independent reflections 

7229 reflections with / > 2o(i) 
R int = 0.077 

Qmax ~~ 29.3°, 0 m in — 2.2° 

A = -ll-»12 



r min = 0.649, J max = 0.692 
26606 measured reflections 



/= -30^30 



Refinement 

Refinement on 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.069 
wR(F 2 ) = 0.190 

S= 1.17 

9970 reflections 
45 1 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[a 2 (F 0 2 ) + (0.0878P) 2 + 4.1315P] 
where P = {F 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax= 1.18 eA" 3 

Ap mi „ = -1.68eA~ 3 
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Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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1 AO A 

iuo.y 


p 1 -7 pio 0 1 0 
C 1 / — C 1 0 — hi 1 0 


1 1A *7 
1ZU. / 


i ha a pia innD 
HZUA — CZU — HZUB 


1 A*7 *7 

1U /. / 


pi 1 pio mo 
C 1 3 — C 1 0 — hi 1 0 


1 1A *7 
1ZU. / 


PI r pti Pll 

CZO — CZ 1 — czz 


1 in o 
IZU.o (0) 


pt/ pk pi/l 

C 1 0 — C 1 D — C 14 


1 1A C /A\ 

izu.d (yj 


PI /: pi i t>i 

CZO — CZ1 — rZ 


111 i / c\ 

1Z1 .3 p ) 


pi/; p 1 c 1 1 | v 
C 1 D C 1 J rl 1 3 


1 1 Q Q 

1 iy.o 


Pll pi 1 TJ1 

CZZ — CZl — rZ 


in o /c\ 
1 1 /.o p) 


p 1 /I p|C II 1 C 

C 14 — C 1 J — H 1 d 


1 1 A O 

1 iy.o 


pi i pn p-7 

CI I — CIZ — c/ 


1 1 A A /"7\ 

ny.u (/) 


pi/ PQC PQ /] 

C3o — C3D — C34 


1 1 A A /"7\ 

ny.4 ( /) 


pi i pn nil 
CI I — CIZ — HIZ 


1 in c 


pi/ PQC U1C 

C3o — C3D — H3D 


1 1A 1 

1ZU.3 


p-7 pn Tjt o 
C/ — CIZ — HIZ 


1 in c 


PQ A PQC 1 11 C 

C34 — C 3 j — H 3 !) 


1 1A 1 

1ZU.3 


C(\ n 

V J v, u V 1 




n s n & cm 




C5 — C6 — H6 


119.9 


C15 — C16 — H16 


119.3 


CI — C6 — H6 


119.9 


C17 — C16 — H16 


119.3 


C21 — C26 — C25 


119.3 (7) 


C35 — C36 — C37 


121.0 (7) 


C21 — C26 — H26 


120.3 


C35 — C36 — H36 


119.5 


C25 — C26 — H26 


120.3 


C37 — C36 — H36 


119.5 


p^7 T>1 n i p n 
C / — r 1 — C 1 3 — C 1 4 


—25.4 (0) 


Pin m pi 1 pn 
CZU — rZ — CZ 1 — CZZ 


Q/Z A /C\ 
— 00. U {J) 


n di rn n a 
CI — rl — CI 3 — CI 4 


— 143.J (J j 


pg p-7 p 1 1 p 1 1 

Co — c / — c 1 z — c 1 1 


A "7 fQ\ 

0.7 (9) 


pin t> 1 rn pn 
Ciy — r 1 — C13 — C14 


v4.0 (0) 


T) 1 P*7 P11 PI 1 

r 1 — C / — CIZ — CI 1 


1 *7A A /C\ 
—1 /U.U {D) 


p~7 T>1 n i pi n 
C / — r 1 — C 1 3 — C 1 6 


15V.2 (p) 


p-> pi P/C PC 

CZ — C 1 — Co — C D 


f\ A ( \ A\ 

U.4 (1U) 


p 1 rn n i no 
CI — r 1 — CI 3 — Clo 


3V.1 (0) 


n 1 pi p/T pc 
hi — CI — Co — Cj 


1 *7C A /C\ 

1 /D.U (j) 


no Til rn no 
Ciy — rl — C13 — Clo 


— oU.D (D) 


P11 P11 pi/: Pic 

CZZ — CZ 1 — CZo — CZ 5 


1 /I /1 A\ 

— 1 .4 (1U) 


p 1 T>1 p~7 ro 
CI — rl — C/ — Co 


-yu.u p) 


T>1 PI 1 Pl/C PIC 

rZ — CZ 1 — CZo — CZ j 


1 *7A *7 /C\ 

1 /y. / pj 


pn T>1 n po 
C 1 J — r 1 — C / — Co 


14o.y (5) 


PI 0 Pl*7 PQ1 PQ 1 

CZo — CZ / — C3Z — C3 1 


1 A /" 1 A\ 

-Z.U (1U) 


C 1 y — r 1 — C / — Co 


3U. / (J) 


T>0 pi -7 pq 1 r"i 1 
rZ — CZ / — C3Z — C3 1 


1 nn q /^a 
1 / /.o p J 


P1 m p~7 rn 
CI — r 1 — C / — C12 


on o 
OU.O (D) 


p 1 1 p-7 po PA 

c 1 z — c / — Co — cy 


A 1 / 1 A\ 

~U.3 (1U) 


no T>1 n pn 
CI 3 — rl — C/ — C12 


-4U.3 (D) 


T) 1 p-7 po PA 

hi — c / — Co — cy 


1 *7A C 

1 /{).D {0) 


nn T>1 p~7 P1^» 
ciy — rl — C/ — C12 


1 CO c 

-130.3 (D) 


Pin pm pq 1 pq 1 
CZy — C3U — C31 — C3Z 


A A f 1 1\ 
U.U (1Z) 


pi i m PT7 pn 
C33 — rl — C2 / — C32 


luy.y (S) 


pn pqi pq 1 pm 
CZ/ — C3Z — C31 — C3U 


1 1 / 1 1 \ 

1.1 (11) 


PTl m PT7 Pn 

C21 — r2 — C2/ — C32 


n n n 
— 13U.y (D) 


p-7 po pn pia 

c / — Co — cy — c 1 u 


n n ("n 1 ! 
— U.y (12) 


pin m PT7 Pn 

C2U — P2 — C2 / — C32 


-11.3 (6) 


pi 1 pm pin pio 

C31 — C30 — C29 — C28 


-0.3 (13) 


C33— P2— C27— C28 


-70.3 (6) 


C27— C28— C29— C30 


-0.5 (12) 


C21— P2— C27— C28 


49.0 (6) 


C6— CI— C2— C3 


-1.8(11) 


C20— P2— C27— C28 


168.5 (5) 


PI— CI— C2— C3 


-176.2 (6) 


CI— PI— CI— C2 


91.2 (6) 


CI— C6— C5— C4 


1.3(11) 


C13— PI— CI— C2 


-146.4 (5) 


C3— C4— C5— C6 


-1.6(12) 
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pin T> 1 n pi 

C19 — Fl — CI — C2 


TA 1 (£\ 

-Zy.l (o) 


PI T>1 PI P/; 

C/ — F 1 — CI — Co 


— o3.3 (p) 


pi i rji p 1 /' ' /- 

CI J — F 1 — CI — Co 


39.2 (5) 


pi Q T>1 pi p/; 

ciy — Fl — CI — CO 


1 jo. 4 [p ) 


pti pn no pin 
C32 — C2 / — C28 — C2y 


1 T C\ A\ 

1.7 (10) 


t>i pii pTQ pnn 

F2 — C2 / — C28 — C2V 


—1 /o.2 (o) 


pi T>1 pin pin 
C/ — Fl — Cly — C2U 


Ol.J (4) 


pi rji pin pin 
CI — Fl — CIV — C20 


1 *7A A (A \ 

— 1 fyA (4) 


pi i m pin pin 
C 1 3 — F 1 — C 1 V — C2U 


-oU.l (j) 


pn m pii pi/i 
C2 / — F2 — C33 — C 34 


HA 0 /£\ 

/4.2 (o J 


PI 1 T>1 PTl pii 

C21 — F2 — C33 — CJ4 


A A 1 /<C\ 

—44.2 (o) 


pin di pn pi/i 
C2U — F2 — C33 — C34 


— loj.o (j) 


pn di pn pio 
C2 / — F2 — C33 — C38 


1 AA A /C\ 
— 1UU.U (j) 


PTl r>i pn pig 

C21 — F2 — C33 — C38 


141. J (j) 


/"'in di pn 

C2U — F2 — C33 — C36 


33. L (o J 


t>i pin pin ivi 
F 1 — C 1 y — C20 — r 2 


lio.l (3) 


pn di pin pin 
C2 / — F2 — C2U — Ciy 


1 H C A (A \ 

— 1 /0.4 (4) 


pi i di pin pin 
C3 3 — F2 — C20 — C 1 y 


02.J (j) 


r^i 1 di r^in no 
C2 1 — r 2 — C2U — C 1 y 


— jo.2 (j J 


pn pii pi 1 pi/; 
C23 — C22 — C21 — C26 


2.1 (10) 


pn pii pi 1 di 
C23 — C22 — C2 1 — P2 


—179.0 (6) 


C27— P2— C21— C26 


-148.4 (5) 


C33— P2— C21— C26 


-28.5 (6) 


C20— P2— C21— C26 


93.0 (5) 


C27— P2— C21— C22 


32.7 (6) 


C33— P2— C21— C22 


152.6 (5) 



pi pii pii pin 
C/ — C12 — Cll — C10 


A A ( 1 1 \ 
U.U (11) 


pn pii pn pi/i 
C2 1 — C22 — C23 — C24 


a n / 1 1\ 
—\}.y (12) 


pn pn pin P11 

cs — cy — c i o — c 1 1 


1 £L i"\ A\ 
1.0 (14) 


pn pii pin r^o 

ci2 — cii — cio — cy 


1 1 (\ 1\ 

-1.1 (13) 


PC P/1 PI PI 

CD — C4 — C3 — C2 


A 1 ( 1 1 \ 

U.2 (13) 


pi pi pi p/i 
C 1 — C2 — C3 — C4 


1 c /■ 1 1 \ 

1.5 (13) 


pn pi/: pic pi/i 
C2 1 — C26 — C25 — C24 


A C / 1 1 \ 

-U.D (11) 


r^ii r^n c^"tA r^ic 
C22 — C23 — C24 — C2j 


— u.y (13) 


pi/: pic pi/i pn 
C26 — C25 — C24 — C23 


1 <C / 1 T\ 

1 .0 (13) 


pio pn pi/i pic 
C38 — C33 — C34 — C35 


A A /1 A\ 

— U.4 (1U) 


T>1 PII PI/1 PTC 

F2 — C33 — C34 C35 


-1 /4.0 (o) 


pi/i pn pio pn 
C34 — C33 — C38 — C3 / 


1 A 

l .0 (y) 


di pii pi o pn 
F2 — C33 — C38 — C3 / 


1 "7C 1 /"C\ 

1 /5.1 (5) 


PIO P 1 1 P 1 /I P1C 

CIS — C13 — C14 — C15 


n c { 1 n\ 
0.5 (10) 


T>1 P 1 1 PU PIC 

F 1 — C 1 3 — C 1 4 C 1 5 


1 1/1 1 /c\ 

-1 /4. / (5) 


pn pio pn pi/ 
C33 — C38 — C3 / — C3o 


n n / 1 n\ 
0.0 (10) 


pi/: pii pio pii 
C 1 0 — C 1 / — C 1 8 — C 1 3 


n c { 1 1\ 
-0.5 (12) 


pn pn pio pn 
C14 — C13 — C18 — CI / 


n 1 / 1 n\ 
-0.2 (10) 


Dl P1 1 P1 0 PI 1 

F 1 — C 1 3 — C 1 5 — C 1 / 


1 "7C 1 (&\ 

1 IJ.l (0) 


pn pi/i pic p 1 /: 

C13 — C14 — C15 — Clo 


n n / 1 1\ 

0.0 (12) 


C33— C34— C35— C36 


-1.2(12) 


C14— C15— C16— C17 


-0.7 (14) 


C18— C17— C16— C15 


1.0(14) 


C34— C35— C36— C37 


2.1 (13) 


C38— C37— C36— C35 


-1.6(12) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

C30— IDO-OS 1 0.93 2.43 3.351 (10) 172 

C20— ffiOB-OS" 0.97 2.38 3.338 (11) 170 

C19— H19B-04 0.97 2.44 3.397 (8) 171 

C19— H19A-07 0.97 2.30 3.135 (8) 144 

Symmetry codes: (i) x— 1/2, ->>+3/2, z+1/2; (ii) -x+3/2, y+1/2, -z+1/2. 
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